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Abstract 

Aortic valve stenosis (AS) is common in the elderly. Although surgical replacement of the valve has been the gold standard of management, 
many patients have been excluded from surgery because they were very old, frail, or had co-morbidities that increased operative risks. In the last 
decade, transcatheter aortic valve implantation (TAVI) has emerged as a new treatment option suitable for these patients. This article reviews the 
available literature on the role of TAVI in elderly patients with severe aortic stenosis. Published studies showed that elderly individuals who 
underwent TAVI experienced better in-hospital recovery, and similar short and mid-term mortality compared to those underwent surgical 
treatment of AS. However, long-term outcomes of TAVI in elderly patients are still unknown. The available data in the literature on the ef- 
fect of advanced age on clinical outcomes of TAVI are limited, but the data that are available suggest that TAVI is a beneficial and tolerable 
procedure in very old patients. Some of the expected complications after TAVI are reported more in the oldest patients such as vascular in- 
jures. Other complications were comparable in TAVI patients regardless of their age group. However, very old patients may need closer 
monitoring to avoid further morbidities and mortality. 
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1 Introduction 

Aortic valve stenosis (AS) is a common valvular disease in 
the Western world. As the geriatric population has grown, so 
too has the number of patients presenting with symptomatic 
aortic valve disease because its prevalence increases with 
age. 

Surgical aortic valve replacement (SAVR) has produced 
significant results that have been well documented for elderly 
patients, including improved life expectancy, cardiovascular 
symptoms, and quality of life. Yet, up to one-third of el- 
derly patients with severe AS have been excluded from 
surgery/ 31 Not surprisingly, advanced age has been a lead- 
ing barrier to surgical intervention in elderly patients. This is 
based on the peri-operative mortality rate which is found to 
increase with age from 1.3% in patients < 70 years old, to 
about 5% at age 80-85 years, and 10% in patients > 90 years 
old.' 4 ' 51 It is important, though, to realize that age, per se, is 
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not a predictor of poor outcomes of surgery, and those pa- 
tients usually enjoy the same survival rates within their age 
and gender matched population.' 61 To help bridge this gap in 
care, medical innovations such as transcatheter aortic valve 
implantation (TAVI) have emerged as a new treatment option 
which improves the clinical course of AS without high sur- 
gical risk. 

2 TAVI as an alternative therapy for AS in 
elderly patients 

TAVI includes the insertion of a prosthetic valve into the 
stenotic aortic valve through a vascular access without the 
need for open heart surgery. Two valves are commonly used 
for this procedure: the Edwards SAPIEN valve which is a 
balloon expandable valve and the Core Valve which is a 
self-expanding one. Both can usually be inserted through a 
transfemoral retrograde approach. They may also be placed 
via other arteries such as the axillary artery or directly 
through the cardiac apex in patients with stenosed iliac and 
femoral arteries. TAVI is strongly indicated for sympto- 
matic AS patients with multiple comorbidities, or high op- 
erative risk [i.e., expected mortality > 20% with the Euro- 
pean System for Cardiac Operative Risk Evaluation score 
(EuroSCORE) or > 10% with the Society of Thoracic Sur- 
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geons score (STS)], as long as life expectancy is a year or 

[7] 

more. 

Pre-procedure multidisciplinary assessment is important 
for the appropriate selection of patients to undergo TAVI. 
The team usually includes cardiologists, cardiothoracic 
surgeons, cardiac anesthesiologists, interventional cardiolo- 
gists and imaging specialists. Cardiac imaging should assess 
not only the severity of aortic stenosis, but also morphome- 
tric characteristics like the diameter of the aortic root, the 
conformation of the aortic valve and annulus, and area of 
valve calcification to ensure that the most appropriate valve 
is implanted, and that the procedure is likely to be success- 
ful. Assessment for atherosclerosis of both coronary and 
peripheral arteries is also important to identify patients at 
risk for perioperative complications and to select the optim- 
al site for access.' 81 

Following TAVI, an immediate and sustained improve- 
ment in aortic valve area, trans-valvular gradient, and 
left ventricular ejection fraction were reported. [9 ~ 111 These 
changes were associated with an enhancement in patients' 
physical and mental functioning, as well as their quality of 
life. 112 ' 131 However, frail elderly patients were found to have 
smaller gains in functional status after TAVI and they may 
require multidisciplinary interventions, such as nutrition 
consultation and exercise-training programs, to achieve de- 
sired outcomes.' 141 

Due to the mentioned hemodynamic and functional ef- 
fects of TAVI, the early and midterm survival in patients 
with AS has significantly improved as shown in Moat, et 
al. ll5] study, who reported life expectancy rates of 92.9%, 
78.6% and 73.7% at 30 days, 1 year and 2 years after TAVI, 
respectively. Studies have shown that transfemoral approach 
is associated with better survival rates compared to other 
vascular accesses. This, however, is still controversial be- 
cause patients who are referred to transapical or transaxil- 
lary approaches usually have higher risk profiles which ex- 
plains the increased mortality after these procedures." 61 

3 TAVI vs. SAVR in elderly patients 

As discussed earlier, both TAVI and SAVR have 
achieved significant improvements in survival rates as well 
as other outcomes in patients with severe aortic stenosis. 
Studies have shown that SAVR can be performed in elderly 
patients with acceptable morbidity and mortality rates. The 
question then becomes, can TAVI be trusted as a safe and 
effective alternative to surgical management in elderly pa- 
tients? 

Of the studies that looked at the outcomes of TAVI 
compared to SAVR, we specifically reviewed the trials 



where average age of patients who underwent both proce- 
dures was > 80 years. Only 8 studies were found (5 obser- 
vational studies and 3 randomized controlled trials) and 
summarized in (Table 1). 117-241 In these studies, elderly indi- 
viduals who underwent TAVI experienced better in-hospital 
recovery, and similar short and mid-term mortality com- 
pared to those underwent SAVR (Table 1). 

One of the most important studies is the Placement of 
AoRtic TraNscathetER Valves (PARTNER) trial which was 
a multicenter, randomized trial that compared TAVI to sur- 
gical management and medical therapy in 1,057 AS pa- 
tients. 1171 In this study, patients were divided into two co- 
horts: group A which included those with high surgical risk 
(the mean age of this group was 84 years old), and group B 
which included those who were not considered to be appro- 
priate candidates for surgery (the mean age was 83 years 
old). In the high-risk PARTNER trial cohort A, mortality at 
30 days was 3.4% in the TAVI group, compared to 6.5% in 
the SAVR group (P = 0.07). At the 1-year and 2-year fol- 
low-up, mortality was 24.2% and 33.9% with TAVI vs. 
26.8% and 35.0% in the SAVR groups, respectively (P = 
0.44, P = 0.78, respectively). 117 ' 201 PARTNER trial also 
showed that the incidences of stroke, myocardial infarction, 
acute kidney injury (AKI), endocarditis, and pacemaker 
placement at one and two years after TAVI and SAVR were 
comparable. 117,201 However, patients who underwent SAVR 
experienced more major bleedings, and less major vascular 
injuries compared to those treated with TAVI. 1201 The au- 
thors concluded that TAVI is not-inferior to SAVR as a 
treatment of AS in high risk surgery patients. 

Another randomized controlled study was the STAC- 
CATO trial which initially planned to assign 200 patients 
(age > 75 years) to either TAVI vs. SAVR. 1221 However, 
after the inclusion of 70 patients, the trial was prematurely 
terminated due to unexpectedly poor outcomes in the TAVI 
cohort. Authors of this trial concluded that current indica- 
tions for TAVI should remain restricted only to surgically 
inoperable patients. 

Only a few studies have focused on elderly patients with 
intermediate or low risk for procedural complications. These 
include the Surgical Replacement and Transcatheter Aortic 
Valve Implantation (SURTAVI) trial and the OBSER- 
VANT trial. The SURTAVI investigators prospectively 
enrolled patients with symptomatic severe aortic stenosis 
and intermediate surgical risk (STS score between 3% and 
8%) to either TAVI or SAVR. 1251 The study included 255 
patients, the mean age was 80.1 years. All-cause mortality at 
30 days (7.8% vs. 1.1%, P = 0.74) and 1 year (16.5% 
vs. 16.9%, P = 0.64) was comparable between the two 
groups. The Italian OBSERVANT study reported similar 30 
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Table 1. Summary of studies compared the outcomes of TAVI vs. SAVR in patients aged > 80 years old. 



Study Age (yrs) Clinical outcomes that Clinical outcomes that 

References n F/U (mo) 

design (TAVI vs. SAVR) improved with TAVI worsened with TAVI 



Clinical outcomes that 
were similar in both 
TAVI and SAVR 



Zierer, etal m 51 OS 



De Carlo, era/."" 96 OS 



85 vs. 82 



83 vs. 82 



12 



Operative time, ventilation time, in- 
tensive care unit stay, and hospital stay 



Smith, etaV 171 699 RCT 83.6 vs. 84.5 



Kodali,era/. |2U| 699 RCT 83.6 vs. 84.5 



Conradi,era/. 1211 164 OS 81.9 vs. 82.5 



Nielsen, etal. [22] 70 RCT 80 vs. 82 



12 



24 



30 days and 1 year mor- 
tality 

Freedom from major car- 
diac and cerebrovascular 
events at 6 months; Car- 
diac mortality at 6 months 
Survival at 1 year 
Paravalvular regurgitation Two years mortality 
was more frequent after Similar reduction in 
TAVR and was associated symptoms, and similar 
with increased late mortal- improvement in valve 



ity 



Operative time, ventilation time, and 
intensive care unit stay. The need of 
blood transfusion 



Study terminated early due 
to the side effects in TAVI 
group (two deaths, two stro- 
kes, and one case of renal 
failure requiring dialysis) 



hemo- dynamics 
Mortality at 30 days, 90 
days, and 180 days 
Similar hospital stay 

All-cause mortality 
at 30 days 



Im, et al. 1 



24 OS 82. 5 vs. 83 



Silberman,era/. 1241 252 OS 84v.v.80 



36 



In-hospital (all-cause mortality, major 
stroke, peri-procedural myocardial 
infarction, life-threatening bleeding, 
major vascular complication, and 
acute kidney injury); The rate of 
3-monthall-cause mortality, myo- 
cardial infarction, major stroke, and 
re-hospitalization 

Procedural mortality 



One year, two years and 
three years survival 
rates 



F/U: duration of follow up; mo: 
theter aortic valve implantation. 



months; OS: observational study; RCT: randomized controlled trial; SAVR: Surgical aortic valve replacement; TAVI: Transca- 



days mortality for its intermediate risk, propensity-matched 
subgroups. 1263 Differences in rates of blood transfusion 
(higher in SAVR), vascular damage, permanent atrioventri- 
cular block, and residual aortic valve regurgitation (all 
higher in TAVI) were reported. 1261 

Lastly, while the early and mid-term survival rates seem 
comparable in TAVI and SAVR in most of the outlined 
studies, not much is known about long-term outcomes of 
TAVI in elderly patients. Observations by Holzhey, et al. l21] 
showed that Kaplan-Meier curves diverged between TAVI 
and SAVR patients after 6 months in favor of conventional 
surgery. Follow-up studies, therefore, are necessary to as- 
sess whether TAVI will remain a comparable approach to 
SAVR on long-term basis as well. 



4 Effect of advanced age on the outcomes of 
TAVI 

Given the growing geriatric population in the Western 
countries, more and more of nonagenarians are expected to 
undergo TAVI as the principal treatment for severe AS. Yet, 
relatively few studies have examined the outcomes of this 
procedure in very old patients. Jabs, et al.™ have reported 
their experience with a 99 year old AS patient who under- 
went TAVI after presenting with syncope and progressive 
dyspnea.' 281 Following TAVI, aortic valve area improved 
from 0.6 cm 2 to 1.5 cm 2 and the patient was discharged to a 
geriatric rehabilitation unit 2 days after the procedure. For 
the next four years, the patient remained independent, with 
mild exertional dyspnea, and without recurrent syncopes. 
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Transesophageal echocardiography at 3.5 years follow-up 
showed aortic valve area of 1.5 cm 2 with persistent optimal 
positioning of the implanted valve. A recent Swedish study 
reviewed post-procedure mortality in 29 nonagenarian pa- 
tients who underwent TAVI between 2008 and 2011. [291 
There was no mortality in the first 30 post-procedure days. 
One-year, two years, and three years mortality were found 
as 11%, 28%, and 40%, respectively. [29] 

The available literature shows only three trials that stu- 
died the outcomes of TAVI in very old patients comparing 
to younger patients. All of these studies were observational 
and no randomized controlled trials were identified as 
shown in Table 2. [3(M2] In a study of 1,386 patients who 
underwent TAVI at ages ranging between 40-99 years, 1301 
the researchers divided the patients into four age groups and 
analyzed the outcome of TAVI in each group. Despite the 
difference in the groups' characteristics, all groups, includ- 
ing the oldest one, showed immediate and marked im- 
provement of the hemodynamic valve status, functional 
status, and overall quality of life. Also, each group had sim- 



ilar rates of technical success and 30 day all-cause mortality 
regardless of age. Havakuk, et alP l] evaluated 293 patients 
who underwent TAVI (patients' age ranged between 63 and 
98 years and average age was 83 years). The cohort was 
divided depending on age into 2 groups: younger vs. older 
than 85 years. Older patients experienced length of 
in-hospital stay, readmission rates, and 30-day mortality 
similar to those reported in younger patients. However, 
overall mortality rate during the entire follow-up (median 
480 days, interquartile range 330 to 770 days) was higher in 
the older age group. In another study, Yamamoto et alP 2] 
compared the clinical outcomes of TAVI in patients < 90 
years old to patients > 90 years old and found similar pro- 
cedural success in both groups. Although 30-day and 
6-month mortality trended to be higher in patients older than 
90 years old, the differences in mortality rates were statical- 
ly insignificant (6% vs. 15%, P = 0.22; and 14% vs. 27%, P 
= 0.14, respectively). Moreover, the cumulative survival 
after 13.4 + 8.0 months of follow-up was comparable be- 
tween both groups (P = 0.22). 



Table 2. Studies that showed outcomes of TAVI in different age groups. 



References 



Study Age groups (Mean 
design age in each group) 



Number of 
patients in 
each group 



Female in each 
group (%) 



How the oldest patients Clinical outcomes Clinical outcomes 
were different in baseline that changed that did not 
characteristics with age change with age 



Buellesfeld, 
etal. m 



OS 



Havakuk, 

etal m 



OS 



Yamamoto, 

etal™ 



OS 



Group A: 73.4 yrs; Group A: n - 

Group B: 80.6 yrs; Group B:« = 

Group C: 84.5 yrs; Group C: « = 

Group D: 88.9 yrs Group D: n = 



347; Group A: 44.4%; 
350; Group B: 52.3%; 
382; Group C: 67.5%; 
312 Group D: 67.9% 



< 85 yrs (mean: 

80.5 yrs) vs. > 85 200 vs. 93 

yrs (mean: 88.8 yrs) 



< 90 yrs (mean: 

82.3 yrs) vs. > 90 110 vs. 26 

yrs (mean: 91.6 yrs) 



The prevalence of DM, prior 
CABG, and COPD was less 
in the oldest patients; renal 
insufficiency was more 
common in this group. 
Oldest patients had higher 
surgical risk; they underwent 
less trans subclavian TAVI, 
and less large Edwards valves. 



The prevalence of DM was 
57.5% vs. 70.0% less in older patient. They had 
P = 0.043 more HF and prior Mis, but 

less prior CABG. 



Older patients had less BMI, 
and less Leukocyte count. 
Smoking and using beta bloc- 
kers were less common in 
older patients. The rate of 
NYHA class IV was greater 
in the oldest patients 



50.0% vs. 81.1 
P = 0.004 



Less post-TAVI MI 
(reported less in 
both oldest and the 
youngest groups) 



Older patient suffer- 
ed more respiratory 
failure and minor 
vascular complica- 
tions 

Overall mortality rate 
was higher in the 
older age group 

The oldest patients 
had more major 
vascular complica- 
tions 



The improvement 
in functional status 
and quality of life. 
The rates of tech- 
nical success, in- 
hospital mortality, 
and 30 day mortal- 
ity. 



Length of in-hos- 
pital stay, readmis- 
sion rates, and 
30-day mortality. 



Length of ICU 
stay and in-hospi- 
tal stay. 

Procedural success, 
30-day and 6-mon- 
th mortality. 



BMI: body mass index; CABG: coronary artery bypass graft; COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus; 
intensive care unit; MI: myocardial infarction; NYHA: New York Heart Association; OS: observational study; TAVI: transcatheter aortic 



HF: heart failure; ICU: 
valve implantation. 



Journal of Geriatric Cardiology | jgc@jgc301 .com; http://www.jgc301 .com 



Alsara O, et al. Transcatheter aortic valve implantation in the elderly 



167 



In conclusion, the available literature gives an impression 
that TAVI is a beneficial and tolerable procedure in very old 
patients with severe AS. This hypothesis, however, still 
needs further testing in randomized controlled trials in order 
to be confirmed. 

5 Procedure complications and patient's age 

Although TAVI has a high success rate with few surgical 
complications, it still carries risks. Common procedure 
complications include vascular injuries, bleeding, stroke, 
atrioventricular conduction system injuries, AKI, and aortic 
regurgitation. Complication rates differ with operator expe- 
rience, the size of the device, the site of catheter access, as 
well as the use of pre -procedural screening. 

Vascular injuries are the most common complications 
after TAVI, and range from dissection, to perforation, to acute 
thrombotic occlusion. The prevalence of these complications 
seem to increase in very old patients. Yamamoto, et alP 2] 
reported more frequent major vascular complications in 
nonagenarians (19% vs. 5%, P = 0.022). Havakuk, et al. m , 
though, found that only minor vascular injuries increased in 
older patients (7.5% vs. 16%, P = 0.02), and reported similar 
rates of major vascular complications in both age groups of 
their study (4.3% vs. 2.5%, P = 0.41), as shown in Figure 1. 

Patients also are at risk for cerebrovascular accidents 
(CVA) after TAVI. In the high-risk cohort of the PART- 



NER trial (cohort A), there was a trend toward more strokes 
in the TAVI group at 30 days when compared to the SAVR 
group (4.6% vs. 2.4%, P = 0.12) and at 1-year (6.0% vs. 
3.2%, P = 0.08). [17] Up to 10% of TAVI patients expe- 
rienced CVA, regardless of their age (Figure i). [30 ~ 34 l The 
CVA are mosdy ischemic, felt to be due to showering of 
emboli from the aorta or during valve positioning and dep- 
loyment. To reduce the risk of stroke, aspirin, clopidogrel, 
or warfarin has been used in TAVI patients. In a small re- 
trospective study that included 171 patients (average age 
81.6 years), the use of post-TAVI dual antiplatelet did not 
protect patients from stroke, but has been associated with 
worse bleeding compared to the use of single antiplatelet or 
warfarin.' 351 Durand, et al. [36] retrospectively compared the 
use of mono antiplatelet therapy vs. dual antiplatelet therapy 
in 292 patients underwent TAVI (average age was 83.6 
years), and found that monotherapy reduced life-threatening 
and major bleedings without increasing the risk of stroke 
and myocardial infarction compared to dual antiplatelet 
therapy. Another study has showed that the safest post TA- 
VI regimen was a combination of clopidogrel and Vitamin 
K antagonists.' 371 In this study, advanced age increased risk 
of early bleeding after TAVI (OR: 5.96, 95% CI: 
1.47-24.13, P = 0.01). [37] More studies are needed to eva- 
luate the efficacy and risks of different antithrombotic regi- 
mens before recommendations can be made regarding 
stroke prevention in TAVI patients. 
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Figure 1. The rates of post TAVI complications depending on patients' age. [3a ~ 321 Y axis represents the percentage of post TAVI com- 



plications. X axis includes age groups of TAVI patients as presented in Buellesfeld, et al., Havakuk, et al 



,, [311 and Yamamoto, et al., [32] 



trials. Asterisk represents any statistically significant difference, a: represents the youngest group of TAVI patients with mean age of 73.4 + 
4.5 years; b: represents the second group of TAVI patients with mean age of 80.6 ±1.1 years; c: represents the third group of TAVI patients 
with mean age 84.5 + 1.1 years; d: represents the second group of TAVI patients with mean age 88.9 ± 2.2 years; e: represents patients who 
are < 85 years old; f: represents patients who are > 85 years old; g: represents patients who are < 90 years old; h: represent patients who are > 
90 years old. TAVI: transcatheter aortic valve implantation. 
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Due to the proximity of the aortic valve to the atrioven- 
tricular node and bundle of His, TAVI is associated with a 
risk of atrioventricular conduction system injuries and per- 
manent pacemaker implantation.' 341 The need of a new pa- 
cemaker was reported in PARTNER study in similar rates 
after both TAVI (5% and 6.4%) and SAVR (6.4% and 
7.2%), (P = 0.44, P = 0.69, respectively), at one and two 
years, respectively/ 201 However, this complication was ob- 
served more commonly with CoreValve implantations pre- 
sumably because of its longer stent frame, self-expanding 
nature, or ovoid shape.' 381 Advancing age does not increase 
the risks for atrioventricular nodal block or permanent pa- 
cemaker (Figure i). [30 ~ 321 

AKI is another potential complication of TAVI and is 
associated with an increase in post-procedure mortality.' 391 
Pre-existing hypertension, chronic obstructive pulmonary 
disease, and blood transfusion predicted AKI in one 
study.' 371 Surprisingly, neither the amount of intravenous 
contrast agent nor patient's age, nor pre-procedure chronic 
kidney disease affected the risk of AKI after TAVI.' 31,32 ' 39 ' 401 

Paravalvular leak due to incorrect sizing or positioning of 
the prosthetic valve, or under-expansion of it, can result in 
aortic regurgitation. This complication was more common 
in patients undergoing TAVI than SAVR in the PARTNER 
study (12.0% vj. 0.9%, P < 0.001),' 17 ' but did not increase in 
very old patients when compared to younger patients. 130-321 
Studies found that paravalvular leak is more prevalent with 
transfemoral approach and in patients received self-expan- 
dable valves. 138 ' 411 Valve leak should be followed closely and 
managed early because severe aortic regurgitation was found 
to be an independent predictor of mortality after TAVI. 1421 

Based on the limited published studies, some of the ex- 
pected complications after TAVI are reported more in the 
oldest patients such as vascular injuries. Other complica- 
tions were comparable in TAVI patients regardless of their 
age group. However, very old patients may need closer 
monitoring to avoid further morbidities and mortality. 

6 The future of TAVI 

TAVI offers a new treatment approach for tens of thou- 
sands of elderly patients with severe AS, who otherwise 
would be treated medically with resultant poor outcomes. 
As transcatheter technology improves with second genera- 
tion devices and operator experience increases, indications 
for TAVI may expand to include patients with moderate 
surgical risk, especially those who are frail. More studies to 
identify the indications and contraindications for specific 
prosthetic valves and methods of vascular access would 
help physicians tailor treatments to patients. 



Outcomes for TAVI might improve with optimization of 
perioperative management strategies as well. For example, 
optimal antiplatelet therapy or anticoagulation regimen re- 
mains undefined yet. Post-TAVI morbidities and mortality 
are expected to decrease significantly with determination of 
the ideal anticoagulation treatment that can reduce the inci- 
dence of stroke without rising bleeding risk. Similarly, since 
paravalvular leak has a bad impact on survival of patients 
undergoing TAVI, more efforts are made to predict this 
complication, such as using aortic valve calcium scoring. 
These efforts may result in better patients' selection for 
TAVI and decrease the expected mortality.' 431 

New indications for transcatheter procedures is on the 
horizon. Increasingly, valve in valve procedures are of in- 
terest. Bioprosthetic valves are preferred for elderly patients 
undergoing SAVR, yet these tend to fail early, requiring 
re-operation. Mortality rates for re-operation are high, but 
theoretically may be lower with valve in valve implantation 
using the transcatheter technique. Early reports of such pro- 
cedures have been promising.' 441 

7 Conclusions 

Many older adults with severe AS are not candidates for 
SAVR because of high surgical risk, advanced age, frailty, 
or comorbidity conditions. TAVI seems to be a safe and 
feasible alternative treatment for these patients. Improve- 
ments in devices, technical expertise, and clinical expe- 
rience, along with perioperative patient management may 
expand the use of TAVI for elderly patients at lower surgic- 
al risk in the future. More studies, however, are needed to 
explore a multiplicity of aspects of this treatment especially 
in very old patients. 
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